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Detail Description Paragraph - DETX (6) : 

[0025] Alternatively, controlled pore glass may be used. 
Controlled pore 
glass is made starting with a borosilicate material that is 
heated, resulting > 
in separation of the borates and the silicates within the 
borosilicate 

material. After then leaching out the borates, one is left 
with a glass having 

pores of substantially uniform size. One commercially 
available source of 

controlled pore glass is Controlled Pore Glass, Inc., 
Lincoln Park, N.J. A 

slurry made from solvent and microscopic particles of 
controlled pore glass may 

be made (or silica aerogel particles can also be used, 
either alone or in a 

matrix of sol-gel silica, silica, spin-on glasses, 
substituted silsesquioxanes 

(SSQs) (such as MSSQ, hydrido SSQ, alkyl SSQ, aryl SSQ) , 
and copolymers 

thereof) and passed over the substrate 16. After the 
solvent has evaporated, 

any excess pore glass on the substrate 16 may be polished 
or scraped off, and 

the remaining pore glass may be sintered in situ so that 
the pore glass is 



11/30/2004, EAST Version: 1.4.1 



bound within the microwells 22, i.e., to the walls 3 0 of 
the microwells. If 

necessary, the substrate 16 may then be polished back to 
ensure that the pore 

glass resides only within the microwells 22, and not on top 
of the substrate 

16. (Alternatively, one can vapor deposit borosilicate 
glass into the 

microwells, polish, leach out the borates, and anneal.) A 
more elaborate method 

for adding pore glass particles to the microwells involves 
the use of patterned 

electric and/or magnetic fields. The particles can be 
drawn into the wells 22 

electrokinetically, or if controlled pore glass particles 
having magnetic 

impurities therein are used, by a magnetic field. The pore 
glass particles can 

then be manipulated by introducing, underneath the 
substrate 16, a patterned 

electric and/or magnetic field having high field gradients 
and/or strengths, so 

that the pore glass particles are drawn into the microwells 
22. To this end, 

one can position a plate having a patterned array of metal 
protrusions 

underneath the substrate 16, with the protrusions being 
aligned with respective 
microwells . 
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Detail Description Paragraph - DETX (22) : 

[0075] FIG, 3A illustrates an exploded perspective view 
of a flowthrough 

multi-cell reactor device, a preferred embodiment of the 
present invention. In 

this device, a microfluidic template 310 is sandwiched 
between a first window 

plate 351 and a second window plate 361- Preferably, the 
microfluidic template 

310 is made of silicon when reaction cells are small. In 
this case, the 

preferred distance between adjacent reaction cells is in 
the range of 10 to 

5,000 .mu.m. More preferably, the distance is in the range 
of 10 to 2, 000 

.mu.m. Yet more preferably, the distance is in the range 
of 10 to 500 .mu.m. 

Even more preferably, the distance is in the range of 10 to 
2 0 0 . mu . m . The 

silicon microfluidic template 310 is formed using etching 
processes which are 

well know to those skilled in the art of semiconductor 
processes and 

microf abrication (Madou, M., Fundamentals of 
Microfabrication, CRC Press, New 

York, (1997)). The top surface 313 of the microfluidic 
template 310 is 

preferably coated with silicon dioxide/ which can be made 
by either oxidation 

or evaporation during a fabrication process. When the 
reaction cells are 

large, e.g. the distance between adjacent reaction cells is 
larger than 5,00 0 

.mu.m, plastic materials are preferred. Plastic materials 
may also be 

preferred for large quantity production of the multi-cell 
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reactor device even 

when the distance between adjacent reaction cells is less 
than 5 . 000 .mu .m. 

Preferred plastics include but are not limited to 
polyethylene , polypropylene , 

polyvinylidine fluoride, and polytetraf luoroethylene . The 
plastic microf luidic 

template 310 can be made using molding methods, which are 
well know to those 

skilled in the art of plastic processing. The one aspect 
of the present 

invention, the first window plate 351 and the second window 
plate 361 are 

preferably made of transparent glass and are bonded with 
the microfluidic 

template 310. In another aspect of the present invention, 
the first window 

plate 351 and the second window plate 361 are preferably 
made of transparent 

plastics including but not limited to polystyrene, acrylic, 
and polycarbonate, 

which have the advantage of low cost and easy handing. 



Detail Description Paragraph - DETX (33) : 

[0086] The microfluidic array devices of this invention 
can be used to 

produce or immobilize molecules at increased quantities by 
incorporating porous 

films 543a and 543b in the reaction chambers or cells as 
shown in FIG. 5D. 

Several materials and fabrication processes, which are well 
known to those 

skilled in the art of solid phase synthesis (A Practical 
Guide to Combinatorial 

Chemistry", edited by Czamik et al . , American Chemical 
Society, 1997. 

incorporated herein by reference), can be used to form the 
porous films inside 

the device. One process is to form a controlled porous 
glass film on the 

silicon wafer, which forms the f luidic template 510, during 
the device 

fabrication process. In the first preferred process, a 
borosilicate glass film 

is deposited by plasma vapor deposition on the silicon 
wafer. The wafer is 

thermally annealed to form segregated regions of boron and 
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silicon oxide . The 

boron is then selectively removed using an acid etching 
process to form the 

porous glass film, which is an excellent substrate material 
for oligonucleotide 

and other synthesis processes. In the second preferred 
process, polymer film, 

such as cross -linked polystyrene, is formed. A solution 
containing linear 

polystyrene and UV activated cross-link reagents is 
injected into and then 

drained from a microfluidic array device leaving a 
thin- film coating on the 

interior surface of the device. The device, which contains 
opaque masks 564 to 

define the reaction chamber regions, is next exposed to UV 
tight so as to 

activate crosslinks between the linear polystyerene chains 
in the reaction 

chamber regions. This is followed by a solvent wash to 
remove non-crosslinked 

polystyrene, leaving the crosslinked polystyrene only in 
the reaction chamber 

regions as shown in FIG. 5D. Crosslinked polystyrene is 
also an excellent 

substrate material for oligonucleotide and other synthesis 
processes . 



Detail Description Paragraph - DETX (41) : 

[0094] FIG. 7A schematically illustrates a variation of 
a flowthrough 

multi-cell reactor with reaction chambers containing beads 
in which solid-phase 

chemical reactions take place, another embodiment of the 
two- level device 

configuration shown in FIG. 2B. The beads 741 are made of 
materials including, 

but not limited to, CPG (controlled pore glasses), 
cross-linked polystyrene, 

and various resins that are used for solid-phase synthesis 
and analysis that 

have been extensively discussed in "A Practical Guide to 
Combinatorial 

Chemistry", edited by Czarnik et al., American Chemical 
Society, 1997. In one 

aspect of the present invention, the chemical compounds 
formed in or on the 
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beads 741 are used for assay applications- The porous or 
three - dimens ional 

structure of the beads supports high loading of the 
chemical compounds and 

therefore, leads to high sensitivity of the assay- Another 
embodiment of the 

present invention involving high loading substrate is shown 
in FIG. 7B. Resin 

pads 742 are used in place of beads. 



Detail Description Paragraph - DETX (45) : 

[0098] In a preferred embodiment of the present 
invention, a device 

configuration shown in FIG. 3C is used and an array of 
oligonucleotides for 

hybridization assay applications is synthesized. The 
microfluidic template 310 

is made of silicon. The first window plate 351 and the 
second window plate 361 

are made of glass. The top surface 313 of the microfluidic 
template 310 is 

coated with silicon dioxide . The inner surface areas of 
the microfluidic 

device is first derivatised with linker molecules, such as 
N- (3-triethoxysilylpropyl) -4-hydroxybutyramide (obtainable 
from Gelest Inc . , 

Tullytown, Pa. 19007, USA) so that the hydroxyl containing 
linker molecules 

are attached to the silicon dioxide and glass surfaces. 
The derivitization of 

various solid surfaces is well know to those skilled in the 
art (Beier et al, 

in Nucleic Acids Research, 27, 1970, (1999), and references 
quoted therein) . A 

DMT (4, 4 1 -dimethoxytrityl) -protected spacer 
phosphoramidite, such as Spacer 

Phosphoramidite 9 supplied by Glen Research, Sterling, Va. 
20164, USA, is 

injected into the reactor and is coupled to the linker 
molecules. It is well 

know that the use of the spacer is advantageous for 
hybridization application 

of the assay (Southern et al. in Nature Genetics 
Supplement, 21, 5, (1999)). 

Photogenerated-acid precursor (PGAP) , such as an onium salt 
SSb (from Secant 

chemicals Inc., MA 01475, USA) in CH . sub . 2C1 . sub . 2 , is 
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injected into the 

reactor. While keeping a steady flow of PGAP, a first 
predetermined group of 

illumination chambers 325 is illuminated so that 
photogenerated acid (PGA) is 

generated and the detritylation (removal of DMT protection 
groups) takes place 

in the corresponding reaction cells, which consists of an 
illumination chamber 

323, a connection channel 324, and a reaction chamber 325. 
A first DMT 

(4,4 1 -dimethoxytrityl) -protected phosphoramidite monomer, 
choosing from dA, dC, 

dG, and dT (obtainable from Glen Research, Sterling, Va. 
20164, USA) , is 

injected into the reactor so that the first phosphoramidite 
monomer is coupled 

to the spacer in the illuminated reaction cells. No 
coupling reaction takes 

place the un- illuminated reaction cells because the spacer 
molecules in these 

cells are still protected by DMT groups. The synthesis 
reaction is preceded 

with capping and oxidation reactions, which are well known 
to those skilled in 

the art of oligonucleotide synthesis (Gait et al, in 
"Oligonucleotide 

Synthesis: a Practical Approach", Oxford, 1984). A second 
predetermined group 

of illumination chambers are then illuminated followed by 
the coupling of the 

second phosphoramidite monomer. The process proceeds until 
oligonucleotides of 

all predetermined sequences are formed in all predetermined 
reaction cells. 
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